1. Title of the invention 

LOAD DRIVE CIRCUIT FOR INTEGRATED CIRCUIT DEVICE 



2. Claims 

A drive circuit for an integrated circuit device, a 
plurality of which being to be incorporated in an 
integrated circuit device for driving each load according 
to a drive command in such a manner as to be connected in 
parallel between a pair of power supply potential points, 
and comprising: 

a pair of output transistors, which are connected in 
series between the pair of power supply potential points 
and from the mutual connection point of which, an output 
terminal for load drive is guided outward; 

a delay circuit that receives a drive command and 
issues a delayed drive command delayed by a predetermined 
delay time; and 

an operation circuit that issues an open/close command 
to operate each output transistor according to the delayed 
drive command so that at least one of the transistors is 
put into the open state. 



3. Detailed description of the invention 
[Field of industrial application] 

The present invention relates to a load drive circuit, a 
plurality of which are to be incorporated in an integrated 
circuit device for driving loads such as pixels in a plasma 
display panel. 



[Prior art] 

Recently, there are many cases where external loads are 
directly driven by output circuits incorporated in an 
integrated circuit device, and in a plasma display panel, 
for example, tens or more of circuits for driving pixels 
are incorporated. When a load current is small, a load 
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drive circuit of so-called open collector type or open 
drain type can be used but when higher drive performance is 
required, a load drive circuit of push-pull type is 
employed. A conventional example of a load drive circuit of 
this type is explained briefly below with reference to 
Fig . 5 . 

In order to drive respective loads 1 shown at the upper 
part in Fig. 5, such as pixels in a plasma display panel, n 
load drive circuits 41 to 4n shown thereunder are 
incorporated in an integrated circuit device. In this 
conventional example, the load drive circuit is a so-called 
totem pole type in which two field-effect transistors 11 
and 12 of the same n-channel type are connected in series 
between a pair of power supply potential points V and E and 
an output terminal To for each of the loads 1 is guided 
outward from the mutual connection point of both the output 
transistors 11 and 12. 

Drive commands Dl to Dn to each of the loads 1, for 
example, display data to each pixel, are issued to the load 
drive circuits 41 to 4n. These drive commands Dl to Dn are 
a logic signal that takes a value of either "H" or "L", and 
the command is supplied to the output transistor 11 as it 
is and the complementary command through an inverter 13 is 
supplied to the output transistor 12. Therefore, the output 
transistors 11 and 12 are operated to open and close 
alternately. As the respective loads 1 connected to each 
output terminal To are commonly connected to the power 
supply potential point V in this example, each load 1 is 
put into a non-driven state when the logic state of the 
corresponding drive command among Dl to Dn is "H", and put 
into a driven state, when "L". 

[Problem to be solved by the invention] 
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The load drive performance can be improved by using the 
above-mentioned load drive circuit of push-pull type and a 
pair of output transistors having a small ON-state 
resistance, however, there may be a case where the 
plurality of load drive circuits are operated by the drive 
commands in the same logic state depending on the purpose 
of use, and in this case, a problem is brought about in 
that a very large short-circuit current is produced between 
the pair of power supply potential points. 

The short-circuit current is produced because, although the 
pair of output transistors in the load drive circuit are 
operated to open and close alternately, as described above, 
there exists, for a short time, a period of time during 
which both the output transistors are put into the ON-state 
simultaneously during the period of transition from open- 
state to closed-state or vice versa. This is first 
explained below with reference to Fig. 6, although well 
known widely. 

As shown in Fig. 6 (a), it is assumed that a drive command D 
changes from "L" to "H" at a time ta and from "H" to "L" at 
a time tb. The state of the output transistor 11 shown in 
Fig. 6 (b) , which receives the drive command as it is, 
changes from the OFF-state to the ON-state and from the ON- 
state to the OFF-state within an operation time to after 
these times ta and tb, however, the state of the output 
transistor 12 shown in Fig. 6 (c) changes from the ON-state 
to the OFF-state and from the OFF-state to the ON-state 
within an operation time to delayed from the operation time 
to of the output transistor 11 by an operation time td of 
the inverter 13. As a result, the period of time during 
which both the transistors 11 and 12 are in the ON-state at 
the same time is longer in the progress after the time ta, 
in which the transition of the output transistor 12 from 
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the ON-state to the OFF-state is delayed, than in the 
progress after the time tb, and a short-circuit current la 
that is much larger than a short-circuit current lb after 
the time tb flows. 

Fig. 7 shows a progress when the drive command D to each of 
the load drive circuits 41 to 4n in Fig. 5 changes 
simultaneously from "L" to "H" at the above-mentioned time 
ta as shown in Fig. 7 (a). The changes of states of both the 
output transistors 11 and 12 in the load drive circuit 41 
are shown in Fig. 7 (b) and the short-circuit current II at 
this time is shown in Fig. 7 (c) , respectively, and those in 
the load drive circuit 4n are shown in Fig. 7 (d) and Fig. 7 
(e) . The short-circuit currents II to In shown, for 
example, in Fig. 7 (c) and Fig. 7 (e) occur simultaneously 
during the period of time td+to after the time ta in these 
n load drive circuits 41 to 4n, therefore, a large total 
short-circuit current It as shown in Fig. 7 (f) flows 
through the power supply lines corresponding to the power 
supply potential points V and E during this period of time. 

As shown in Fig. 5, these power supply lines in the 
integrated circuit device are a kind of distributed 
constant circuit having an impedance z consisting mainly of 
a resistor r and a capacitor c, therefore, if such the 
large total short-circuit current It shown in Fig. 7 (e) 
flows through this circuit, a voltage drop occurs due to 
the impedance z, causing a sharp spike noise to form and 
malfunctions are likely to occur in circuits in the 
integrated circuit device, which receive electricity 
through these power supply lines. 

The object of the present invention is to solve the above- 
mentioned problems which are brought about when a plurality 
of load drive circuits are driven by the common drive 
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commands and drive commands, the logic state of which 
changes similarly, and to prevent malfunctions in circuits 
to be incorporated in the integrated circuit device, which 
are caused by the power supply line noises due to the 
short-circuit current in each of the load drive circuits. 



[Means for solving problem] 

According to the present invention, the above-mentioned 
object can be attained by: making up each of a plurality of 
drive circuits, which are connected in parallel to each 
other between a pair of power supply potential points and 
which are incorporated in an integrated circuit device to 
drive each load according to a drive command, of a pair of 
output transistors, which are connected in series between 
both the power supply potential points and the output 
terminal of which for driving the load is guided outward 
from the mutual connection point, a delay circuit, which 
receives a drive command and issues a delayed drive command 
delayed by a predetermined time, and an operation circuit 
that issues an open/close command to operate each output 
transistor according to the delayed drive command so that 
one of the output transistors is put into an open state 
without fail; and making the delay time in each delay 
circuit differ from each another. 



By the way, it would bring an advantage to make the delay 
time in the above-mentioned delay circuit differ from each 
another by a time substantially equal to the open/close 
operation time of the output transistor. Moreover, instead 
of providing the delay circuit in each load drive circuit, 
it is possible to provide the delay circuit commonly to a 
group consisting of a predetermined number (equal to nine 
or less) of load drive circuits. 



[Operation] 
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In the present invention, a delay circuit is incorporated 
in the load drive circuit, which receives a drive command 
to form a delayed drive command delayed by a different time 
from each another, thereby the timing of occurrence of a 
short-circuit current is shifted from each another among a 
plurality of load drive circuits and the load of the short- 
circuit current imposed on the power supply lines is 
averaged, and thus the occurrence of spike noises in the 
power supply lines are prevented. In the present invention, 
the problems are solved by averaging the load imposed on 
the power supply lines, as described above, therefore, it 
is preferable that the delay circuits each be delayed by a 
time substantially equal to the open/close operation time 
of the output transistor so that part of each short-circuit 
current overlaps each other and the total short-circuit 
current changes smoothly on the power supply lines, rather 
than shifting the timing of occurrence of the short-circuit 
current more than necessary. 



In the circuit according to the present invention, an 
operation circuit that is combined with the delay circuit 
forms a pair of open/close commands to operate a pair of 
output transistors according to the delayed drive command 
formed in the delay circuit or, depending on the situation, 
according also to the control command of the operation of 
the load drive circuit, and the operation circuit prevents 
a large short-circuit current from occurring in the load 
drive circuit by issuing these open/close commands so that 
one of the pair of output transistors is put into an open 
state without fail. A concrete example is described below. 



[Working example] 

A concrete working example of the present invention is 
explained below with reference to figures. Fig.l is a 
circuit diagram in a working example of a load drive 
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circuit in an integrated circuit device according to the 
present invention. Fig. 2 and Fig. 3 are circuit diagrams 
showing concrete configuration examples of a delay circuit 
and an operation circuit, respectively, and Fig. 4 is a 
diagram showing operation states and waveforms 
corresponding to Fig.l. In these figures, the same letters 
and numerals are assigned to the same parts as those in 
Fig. 5 to Fig. 7 explained above, and explanation of these 
parts will not be given appropriately. 



Fig.l shows only one of load drive circuits 40, although 
several load drive circuits 40 are shown in Fig. 5. In this 
case also, as in the conventional case, an n-channel field- 
effect transistor is used for a pair of the output 
transistors 11 and 12, which are connected in series 
between a pair of the power supply potential points V and 
E, and the output terminal To to which the capacitive load 
1, which is a pixel in a plasma display panel in this case, 
is connected is guided outward from the mutual connection 
point of the two transistors. 



However, a delay circuit 20 receives the drive command D 
and issues a delayed drive command Dd delayed by a delay 
time T in the present invention. Fig. 2 shows some 
configuration examples of the delay circuit and in the 
example shown in Fig. 2 (a), a delay circuit 21 is composed 
simply of a resistor 21a and a capacitor 21b, and the delay 
time T is set based on the RC time constant of the circuit. 
A delay circuit 22 shown in Fig. 2 (b) is composed of a pair 
of inverters 22a connected in series and a capacitor 22b 
connected to the mutual connection point of both the 
inverters 22a, and the delay time x is set based on the 
operation time of the inverters 22a and the electrostatic 
capacitance of the capacitor 22b. It is obvious that the 
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operation in Fig. 2 (b) is more stable than that in Fig. 2 
(a) . 



An operation circuit 30 receives the delayed drive command 
Dd formed in the delay circuits 20 to 22 and issues, in 
accordance with this, open/close commands SI and 32 to 
operate the pair of the output transistors 11 and 12, 
respectively. In the example shown in Fig.l, the operation 
circuit 30 is composed of a single inverter 30a 
corresponding to the inverter 13 in Fig. 5. In this example, 
therefore, the open/close commands SI and 82 are always 
formed in the logic states complementary to each other so 
as to alternately open and close both the transistors 11 
and 12 of the same channel type. 

The operation circuit in Fig. 3 is in the case where the 
load 1 is a pixel in a plasma display panel, and the 
operation circuit receives the delayed drive command Dd and 
a control command C. An operation circuit 31 in Fig. 3 (a) 
is composed of an inverter 31a that receives the delayed 
drive command Dd and an AND gate 31b that receives the 
output of the inverter 31a and the control command C, and 
the operation circuit 31 issues the delayed drive command 
Dd as the open/close command SI and the output of the AND 
gate 31b as the open/close command 32. Due to this, the 
load 1 is not driven when the drive command D is "H" and 
when the drive command D is "L", the load 1 is driven only 
if the control command C is "H", and when the control 
command C is "L", the output terminal To is put into a 
floating state. 

In the example in Fig. 3 (b) , an operation circuit 32 is 
composed of a NOR gate 32a that receives the delayed drive 
command Dd and the complementary command of the control 
command C and issues the delayed drive command Dd as the 
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open/close command SI and the output of the NOR gate 32a as 
the open/close command S2 . The function of the operation 
circuit 32 is the same as that in the case shown in Fig. 3 

(a) but the delay time in change of the logic state of the 
open/close command S2 relative to that of the open/close 
command SI can be shortened compared to the case shown in 
Fig. 3 (a). By the way, the operation circuit never fails to 
issue the open/close commands SI and S2 so that one of the 
commands puts the corresponding output transistor into the 
logic state, "L" in this case, that specifies the open 
state even when receiving the delayed drive command Dd and 
the control command C as in the example shown in Fig. 3. 

Fig. 4 shows how the short-circuit currents II to 13 are 
generated in the three load drive circuits 40 when the 
drive command D in Fig. 4 (a) changes from "L" to "H" at the 
time ta, in the same manner as that shown in Fig. 7. Fig. 4 

(b) shows how the output transistors 11 and 12 in the first 
load drive circuit 40 are turned on and off and Fig. 4 (c) 
shows how the short-circuit current II is generated, 
respectively. It is obvious that a delay circuit need not 
be provided in the first load drive circuit. 

The second load drive circuit comprises a delay circuit 
having the delay time x and the turning on and off of the 
output transistors 11 and 12 in Fig. 4 (d) and the 
generation of the short-circuit current 12 in Fig, 4 (e) are 
delayed by the delay time x compared to the case of the 
first load drive circuit. The third load drive circuit is 
provided with a delay circuit having a delay time 2x and the 
turning on and off of the output transistors 11 and 12 in 
Fig. 4 (f) and the generation of. the short-circuit current 
13 in Fig. 4 (g) are further delayed by the delay time x 
compared to the case of the second load drive circuit. By 
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the way, in this example, the unit delay timex is set to a 
time substantially equal to the open/close operation time 
of the output transistor. 

Fig. 4 (h) shows the total short-circuit current It that 
flows through the power supply lines. As the timings of 
generation of the short-circuit currents II to 13 in each 
load drive circuit are delayed one by one by the delay time 
T, the total short-circuit current It has, as a whole, a 
smooth waveform having three peaks as shown schematically 
and it is found that not only the peak value but also the 
rate of change with time are considerably small compared to 
the case shown in Fig. 7 (f). Therefore, according to the 
present invention, it is possible to considerably reduce 
the noises produced in the power supply lines, in 
particular, the spike noises having a steep wave front 
compared to the conventional case. 

The present invention can be applied to various aspects, in 
addition to the embodiments described above. For example, 
the delay time for each load drive circuit need not be 
different from each another. The delay time for each group 
consisting of a predetermined number of load drive circuits 
can be made differ from each another or, as the case may 
be, a delay circuit can be provided commonly to a group 
consisting of a predetermined number of load drive 
circuits. Although the function of a delay circuit differs 
from that of an operation circuit, it is possible, in 
actual, to integrate both circuits or for both circuits to 
share part of the circuit. For example, instead of using 
the inverter 30a in the operation circuit 30 in Fig.l, the 
inverter 22a at the post stage in the delay circuit 22 in 
Fig. 2 (b) is commonly used and it is possible to take out 
the output of the inverter 22a as the open/close command SI 
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and the input thereof as the open/close command 32, In the 
case of the operation circuit shown in Fig. 3, which 
receives a delayed drive command and a control command, 
part of the circuit can be shared similarly. Moreover, in 
the present embodiment, a pair of output transistors is 
composed of field-effect transistors of the same channel 
type but transistors of different channel type can be 
combined and a bipolar transistor can be used as an output 
transistor. 



[Effect of the invention] 

According to the present invention, as described above, by 
making up a load drive circuit, a plurality of which are to 
be incorporated in an integrated circuit device, of; a pair 
of output transistors, which are connected in series 
between a pair of power supply potential points and from 
the mutual connection point of which, an output terminal 
for load drive is guided outward; a delay circuit that 
receives a drive command and issues a delayed drive command 
delayed by a predetermined delay time; and an operation 
circuit that issues an open/close command to operate each 
output transistor according to the delayed drive command so 
that at least one of the transistors is put into the open 
state, and by making the delay time given to the delayed 
drive command differ from delay circuit to delay circuit, 
the timing with which a short-circuit current is produced 
is shifted one by one, which current accompanying the 
switching between the on-state and the off-state of the 
pair of the output transistors in each load drive circuit, 
and thus the load of the short-circuit current imposed on 
the common power supply lines can be averaged with respect 
to time, and thereby, the spike noises can be prevented in 
advance from occurring in the power supply lines and 
malfunctions due to the noises imposed on the circuits to 
be incorporated in the integrated circuit device can be 
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effectively avoided . 

By the way, the fact is widely accepted that the circuit 
according to the present invention is much suitable for 
driving a capacitive load such as a pixel in a display 
panel and is very effective to prevent sharp current pulses 
produced when a load is charged or discharged from causing 
problems of noises similar to those caused by the above- 
mentioned short-circuit current. 



4. Brief description of drawings 

Fig.l to Fig. 4 relate to the present invention. Fig.l is a 
circuit diagram in an embodiment of a load drive circuit in 
an integrated circuit device of the present invention. 
Fig. 2 (a) and Fig. 2 (b) are circuit diagrams showing 
different configuration examples of a delay circuit. Fig. 3 
(a) and Fig. 3 (b) are circuit diagrams showing different 
configuration examples of an operation circuit, and Figs . 4 
(a) to (h) show waveforms of a drive command and short- 
circuit currents and operation states of output 
transistors, illustrating the operation of the circuit 
shown in Fig.l. Fig. 5 and the other drawings relate to the 
prior art. Fig. 5 is a circuit diagram showing a 
conventional load drive circuit. Figs. 6 (a) to (d) are 
diagrams of waveforms of a main signal and short-circuits, 
showing how short-circuit currents are produced, and Figs. 7 
(a) to (f) are diagrams of waveforms of a drive command and 
short-circuit currents and operation states, illustrating 
the operation of the circuit shown in Fig. 5. In these 
drawings, reference numbers denote as follows: 
1: load 

11, 12: output transistors 
13: inverter 

20 to 22: delay circuits 
21a: resistor 
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21b: capacitor 
22a: inverter 
22b: capacitor 

30 to 32: operation circuits 
30a: inverter 
31a: inverter 
31b: AND gate 
32a: NOR gate 

40, 41 to 4n: load drive circuits 
C: control command 

C: distributed electrostatic capacitance of power supply 
line 

D, Dl to Dn: drive commands 
Dd: delayed drive command 

E: power supply potential point or grounding potential 
point 

la, lb, II to In: short-circuit current in each load drive 
circuit 

It: total short-circuit current on power supply line 
r: distributed resistance of power supply line 
SI, S2: open/close commands 
To: output terminal 
ta, tb: times 

td: shifted time between open/close operations of output 
transistors 

to: open/close operation time of output transistor 
x: delay time by delay circuit 

z: distributed impedance of power supply line 
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